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(57) ABSTRACT

In various embodiments, a method for removing selected
cllepots from a plurality of germination ellepot trays and
remapping the selected ellepots to a planting ellepot tray 1s
provided. The method can include placing one of a plurality
ol germination ellepot trays onto an ellepot ejection dock of
an ellepot workstation. Each germination ellepot tray com-
prises an array ol ellepot receptacles having an ellepot dis-
posed 1n each receptacle, wherein each ellepot 1s populated
with a plant germinating therein. The method can additionally
include, acquiring tray information identifying the respective
germination ellepot tray, and automatically dislodging one or
more selected populated ellepots from the respective germi-
nation ellepot tray utilizing the acquired germination ellepot
tray information. Subsequently, each dislodged populated
cllepot 1s sequentially transterred from the respective germi-
nation ellepot tray to one of a plurality of receptacles of a
planting ellepot tray.

8 Claims, 6 Drawing Sheets
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INTELLIGENT SELECTION AND
REMAPPING OF ELLEPOTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage of International Appli-
cation No. PCT/US2011/028785, filed Mar. 17, 2011, which

claims priority to U.S. Provisional Application No. 61/317,
977, filed on Mar. 26, 2010. The disclosures of the above

applications are incorporated herein by reference in 1ts
entirety.

FIELD

The present teachings relate to systems and methods for
selecting and breading plants based on genotypic traits.

BACKGROUND

The statements 1n this section merely provide background
information related to the present disclosure and may not
constitute prior art.

In plant breeding and selection processes, genotypic data
can be gathered by performing DNA analysis on seed speci-
mens then breeding plants based on the analysis. For
example, at least one known breeding and selection process
involves removing or extracting samples from a plurality of
seeds 1n such a manner that leaves the sampled seeds viable
for planting. Subsequently, the sampled seeds are planted 1n
cllepots and allowed to germinate keeping data correlating, or
linking, each planted seed with the respective removed
sample. Typically, each populated ellepot 1s marked to link
the respective populated ellepot with the corresponding
extracted chip and stored 1n an ellepottray, e.g., a twenty-four
receptacle ellepot tray. The ellepot trays are then placed side-
by-side 1n a controlled growing environment, €.g., a green-
house, resulting in hundreds or thousands of ellepots popu-
lated with germinating seeds being grouped together 1n the
controlled growing environment.

As the planted seeds are germinating in the ellepots, the
removed or extracted samples undergo DNA analysis to iden-
tify which of the samples, and hence, 1dentity which of the
corresponding germinating seeds, have one or more desired
genetic traits. Alter the particular germinating seeds having
the one or more desired genetic traits are identified, 1.e.,
selected, the respective ellepots must be located and removed
from the hundreds or thousands of populated ellepots within
the controlled growing environment. Such known methods
involve manually locating the selected ellepots among the
hundreds or thousands within the controlled growing envi-
ronment, removing the selected ellepots from the respective
cllepot tray and transierring the selected ellepots to subse-
quent ellepot trays to be transported to test fields where the
selected ellepots are planted for breeding purposes.

Manually locating the selected ellepots, removing them
from the ellepot trays and transferring them to subsequent
cllepot trays 1s a labor 1ntensive, time consuming and costly.

SUMMARY

The present disclosure provides systems and methods for
identifying and retrieving, from a plurality of populated elle-
pots, selected ellepots populated with a germinating plant
possessing one or more genetic traits.

For example, 1n various embodiments, the present disclo-
sure provides a method for removing selected ellepots from a
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plurality of germination ellepot trays and remapping the
selected ellepots to a planting ellepot tray. In such embodi-
ments, the method can 1nclude placing one of a plurality of
germination ellepot trays onto an ellepot ejection dock of an
cllepot workstation. Each germination ellepot tray comprises
an array of ellepot receptacles having an ellepot disposed 1n
cach receptacle, wherein each ellepot 1s populated with a
plant germinating therein. The method can additionally
include, acquiring tray information identifying the respective
germination ellepot tray, and automatically dislodging one or
more selected populated ellepots from the respective germi-
nation ellepot tray utilizing the acquired germination ellepot
tray information. Subsequently, each dislodged populated
cllepot 1s sequentially transterred from the respective germi-
nation ellepot tray to one of a plurality of receptacles of a
planting ellepot tray.

In various other embodiments, the present disclosure pro-
vides a method for removing selected ellepots from a plurality
of germination ellepot trays and remapping the selected elle-
pots to a planting ellepot tray. In such embodiments, the
method can include placing one of a plurality of germination
cllepot trays onto an ellepot ejection dock of an ellepot work-
station. Each germination ellepot tray comprises an array of
cllepot receptacles having an ellepot residing therein,
wherein each ellepot 1s populated with a plant germinating,
therein. The method can additionally 1include reading a ger-
mination ellepot tray information device disposed on the
germination ellepot tray, wherein the tray information device
provides information 1dentifying the respective germination
cllepot tray. The method can further include, cross referenc-
ing the read tray information with predetermined ellepot
selection data to identify the location within the array of the
respective germination ellepot tray of one or more populated
cllepots selected to be removed from the respective germina-
tion ellepot tray based on one or more genotypic traits of each
respective selected plant. Furthermore, the method can
include automatically sequentially actuating one or more of a
plurality of ejection devices of an ejection assembly of the
cllepot workstation in accordance with the location of the
selected populated ellepots to sequentially dislodge each of
the selected populated ellepots from the respective germina-
tion ellepot tray. Subsequently, each dislodged populated
cllepot 1s sequentially transterred from the respective germi-
nation ellepot tray to one of a plurality of receptacles of a
planting ellepot tray.

In still other embodiments, the present disclosure provides
a system for removing selected ellepots from a plurality of
germination ellepot trays and remapping the selected to elle-
pots to a planting ellepot tray. In such embodiments, the
system can 1nclude a computer-based remapping control sys-
tem that 1s structured and operable to control automated
operations of the ellepot workstation, and an ejection dock
that 1s structured to retain selected ones of a plurality of
germination ellepottrays. Each germination ellepot tray com-
prises an array of ellepot receptacles having an ellepot resid-
ing therein, wherein each ellepot 1s populated with a plant
germinating therein. The system can additionally include an
clectronic reading device communicatively connected to the
remapping control system, wherein the reading device 1s
structured and operable to read a germination ellepot tray
information device disposed on the respective germination
cllepot tray to acquire, and communicate to the remapping
control system, information identifying the respective germi-
nation ellepot tray.

The remapping control system 1s further operable to cross
reference the read tray information with predetermined elle-
pot selection data stored on an electronic storage device of the
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remapping control system to i1dentify a location within the
array of the respective germination ellepot tray of one or more
populated ellepots selected to be removed from the respective
germination ellepot tray. The system can still further include
an ejection assembly including a plurality of ejection devices.
The ejection assembly 1s disposed beneath the ejection dock
and provides a bottom surface of the ejection dock on which
the respective germination ellepot tray 1s supported. The ejec-
tion assembly 1s structured and operable, as controlled by the
remapping control system, to automatically sequentially
actuate particular ones of the ejection devices, 1 accordance
with the location of the selected populated ellepots, to
sequentially dislodge each of the selected populated ellepots
from the respective germination ellepot tray.

Further areas of applicability of the present teachings will
become apparent from the description provided herein. It
should be understood that the description and specific
examples are mtended for purposes of 1llustration only and
are not intended to limit the scope of the present teachings.

DRAWINGS

The drawings described herein are for 1llustration purposes
only and are not intended to limit the scope of the present
teachings 1in any way.

FI1G. 1 1s an 1sometric view of an ellepot remapping system
10, in accordance with various embodiments of the present
disclosure.

FIG. 2 1s a cross sectional 1sometric view of an ellepot
ejection dock of the ellepot remapping system 10, shown 1n
FIG. 1, having an ellepot tray disposed therein, 1n accordance
with various embodiments of the present disclosure.

FIG. 3 1s an 1sometric view of an ¢jection assembly of the
remapping system 10, shown in FIG. 1, 1n accordance with
various embodiments of the present disclosure.

FIG. 4 1s an 1sometric view of an exemplary ellepot tray
that 1s operated on by the remapping system 10, shown in
FIG. 1, in accordance with various embodiments of the
present disclosure.

FIG. 5 1s an1sometric view ol the ellepot remapping system
10, shown 1n FIG. 1, including a germination ellepot tray and
a planting ellepot tray, 1n accordance with various embodi-
ments ol the present disclosure.

FI1G. 6 1s a block diagram of a remapping control system of

the ellepot remapping system 10, in accordance with various
embodiments of the present disclosure.

DETAILED DESCRIPTION

The following description 1s merely exemplary in nature
and 1s 1n no way intended to limit the present teachings,
application, or uses. Throughout this specification, like ret-
erence numerals will be used to refer to like elements.

Referring to FIG. 1, an ellepot remapping system 10 1s
provided for removing selected ellepots from one or more
germination ellepot trays and transferring the selected elle-
pots to one or more planting ellepot trays. Generally, the
cllepot remapping system 10 comprises an ellepot ejection
dock 14, an ¢jection assembly 18, an tray information reading
device 22, a computer-based remapping control system 26
and a movable workstation 30 that includes the ellepot ejec-
tion dock 14 and is structured and operable to support the
¢jection assembly 18, the tray information reading device 22,
and the computer-based control system 26. In various
embodiments, the ellepot remapping system 10 can further
include an ellepot identification tag dispenser 34 disposed on
or within the workstation 30. The control system 26 1s oper-
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4

able to control the automated and cooperative functions and
operations of the ellepot ejection assembly 18, and the tray
information reading device 22 and the ellepot 1dentification
tag dispenser 34, 1.e., control the automated operation of the
cllepot remapping system 10, as described below.

The workstation 30 1s structured to include a worktop 38
having the ellepot ejection dock 14 disposed therein. The
cllepot ejection dock 14 1s structured to temporarily retain an
cllepot tray 42, shown in FIG. 4, during operation of the
cllepot remapping system 10. Particularly, the ellepot ejec-
tion dock 14 comprises an aperture 46 formed 1n the work-
station worktop 38 and a top plate 50 of the ¢jection assembly
18, shown 1n FIG. 3. A perimeter of the aperture 46 1s sized
and shaped to accommodate an ellepot tray 42 such that the
cllepot tray can be placed and retained within the aperture 46.

Referring now to FIGS. 1, 2 and 3, the ¢jection assembly 18
1s mounted to the workstation worktop 38 within or beneath
the aperture 46 such that the ejection assembly top plate 50
provides a bottom surface of the ellepot ejection dock 14 on
which the respective ellepottray 42 1s placed during operation
of the ellepot remapping system 10, as described herein. In
various embodiments, the ellepot ejection dock 14 can
include opposing side alignment rails or stops 34 and/or
opposing end alignment rails or stops 58 mounted to the
ejection assembly top plate 50. The side alignment stops 54
and end alignment stops 58 are structured to align and retain
the respective ellepot tray 42 1n a particular position, or ori-
entation, within the ellepot ejection dock 14. Particularly, the
side alignment stops 54 and end alignment stops 58 are struc-
tured to retain the respective ellepot tray 42 within the aper-
ture 46 1n a steadfast, 1.e. stable and steady, manner. That 1s,
once an ellepot tray 42 is placed in the ejection dock 14, the
side alignment stops 34 and end alignment stops 38 prevent
the respective ellepot tray 42 from being substantially moved
in a longitudinal or lateral direction, 1.e., end-to-end or side-
to-side, without first lifting the respective ellepot tray 42 away
from the side alignment stops 34 and end alignment stops 58.

Referring now to FIG. 4, the ellepot remapping system 10
1s generally structured and operable to sequentially recerve
selected ones of a plurality of ellepot trays 42 having a plu-
rality of ellepots 62 disposed within a plurality of receptacles
66 of the respective ellepot tray 42 and automatically, 1.e. via
automation, selectively dislodge, or displace, selected ones of
the ellepots 62 from the respective receptacles 66. More par-
ticularly, each ellepot tray 42 comprises an array of ellepot
receptacles 66, wherein each ellepot receptacle 66 has an
cllepot 62 populated with a germinating plant disposed
therein. Each ellepottray 42 has substantially the same perim-
cter dimensions and includes the same number of receptacles
66. For example, each ellepot tray 42 can comprise twenty-
four receptacles 66 configured 1n a 6x4 array, or thirty-six
receptacles 66 configured 1n a 6x6 array, or any other suitable
number of receptacles 66. After each selected ellepot 62 1s
dislodged from the respective receptacle 66, the selected elle-
pot 62 1s removed from the receptacle 66 and placed into a
receptacle 66 ol secondary ellepot tray 42, as described
below. Subsequently, the selected ellepots 62 are transported
to a test field and planted for further breeding and selection.

For clarity, the ellepot trays 42 that have not been operated
on by the ellepot remapping system 10 to have the selected
cllepots 62 dislodged and removed will be referred to herein
as germination ellepot trays 42A. Furthermore, the ellepot
trays 42 into which the selected and removed ellepots 62 are
placed will be referred to herein as planting ellepot trays 42B.
In various embodiments, the ellepot remapping system 10 can
turther 1include a planting tray dock 70 structured to tempo-
rarily retain a planting ellepot tray 42B on the worktop 38 in
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a steadfast manner. The planting tray dock 70 can be any
structure(s ), device(s) or mechanism(s) structured and oper-
able to temporarily retain a planting ellepot tray 42B on the
worktop 38 in a substantially steadfast manner. For example,
in various embodiments, the planting tray dock 70 can com-
prise a well, reservotr, or indentation in the worktop 38 that 1s
suitably sized to temporarily retain a planting ellepot tray 42B
on the worktop 38 in a substantially steadfast manner.

As described further below, the dislodged ellepots 62 are
automatically selected based on one or more genetic traits of
the plant germinating within the respective ellepot 62. That 1s,
prior to being planted 1n the ellepots 62 a plurality of selected
seeds have samples, or chips, removed or extracted in such a
manner that leaves the sampled seeds viable for planting.
Subsequently, the sampled seeds are planted 1n the ellepots 62
disposed within the receptacles 66 of one or more germina-
tion ellepot trays 42A and allowed to germinate keeping
information and/or data correlating, or linking, each planted
seed with the respective removed sample.

Moreover, as described further below, each populated elle-
pot 62, or germination ellepot tray receptacle 66, 1s marked to
link the respective populated ellepot 62 with the correspond-
ing extracted sample/chip. The germination ellepot trays 42A
are then placed side-by-side 1n a controlled growing environ-
ment, e.g., a greenhouse, resulting 1n a plurality, e.g., hun-
dreds or thousands, of ellepots 62 populated with germinating
seeds being grouped together 1n the controlled growing envi-
ronment. As the planted seeds are germinating in the ellepots
62, the removed or extracted samples undergo DNA analysis
to identily which of the samples, and hence, 1dentify which of
the corresponding germinating seeds, have one or more
desired genetic traits. After the particular germinating seeds
having the one or more desired genetic traits are 1dentified,
1.¢., selected, the respective ellepots 62 are located and
removed from the plurality of populated germination ellepot
trays 42A via the ellepot remapping system 10, as described
herein.

Referring now to FIGS. 2 and 3, in various embodiments,
the ejection assembly 18 includes the top plate 50, a plurality
ol ejection devices 74, a mounting plate 78 and a debris
shroud 82. The mounting plate 78 1s connected to and sepa-
rated from the top plate 50 via fasteners 86, e.g., bolts, and
spacers 90. Each ejection device 74 includes an actuator 94,
¢.g., a solenoid device, that 1s mounted to the mounting plate
78 and a dislodging ram 98 that 1s mounted to a plunger, or
shaft, 102 of the respective actuator 94. Each dislodging ram
98 includes ahead 106 and aneck 110. Each neck 110 extends
through a respective one of an arrayed plurality of holes 114
in the mounting plate 78 and 1s mounted to a distal end of the
respective actuator shaft 102 such that upon activation of any
actuator 94, as selected controlled by the control system 26,
the respective dislodging ram 98 1s extended upward to dis-
lodge a corresponding ellepot from a respective germination
cllepot tray 42A.

More particularly, the ejection assembly top plate 50
includes a plurality of holes 118 that are arrayed 1n the top
plate 50 such that the center of each top plate hole 118 coaxi-
ally aligns with a corresponding mounting plate hole 114.
Moreover, the top plate holes 118 are arrayed 1n the top plate
50 1n a pattern such that each top plate hole 118, and conse-
quently, each mounting plate hole 114, will coaxially align
with a corresponding one of a plurality of apertures (not
shown) in the bottom of each germination ellepot tray 42A
when a germination ellepot tray 42A 1s placed 1nto the ellepot
ejectiondock 14. That is, each germination ellepot tray 42A 1s
structured such each ellepot receptacle 66 has a respective
aperture that 1s formed 1n the bottom that extends through the
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bottom of the germination ellepot tray 42A. Hence, upon
activation of any actuator 94, as selected and controlled by the
control system 26, the actuator 94 will extend the respective
dislodging ram 98 upward such that the dislodging ram head
106 1s extended through the corresponding hole 1n the bottom
of the respective germination ellepot tray 42 A, thereby push-
ing up on and dislodging the corresponding ellepot 62, 1.e.,
the selected ellepot 62, from a respective germination ellepot
tray receptacle 66.

Each ejection device 74 1s mounted to a bottom side of the
mounting plate 78, 1.e., the side of the mounting plate 78
facing away from the top plate 50, and the debris shroud 82 1s
mounted to a top side of the mounting plate 78. The debris
shroud 82 also includes a plurality of arrayed holes 122 that
coaxially align with the mounting plate holes 114 and 1is
structured to prevent debris, e.g., moisture, dirt, so1l or other
planting media, from the germination ellepot trays 42A, from
fouling the actuators 94 or otherwise impairing the operation
of the ¢jection devices 74. In various embodiments, each
ejection device 74 additionally 1includes a flexible expansion
boot 126 fitted around the neck 110 of each respective dis-
lodging ram 98. More specifically, each expansion boot 126
has a top end 130 that 1s affixed to a bottom of the respective
dislodging ram head 106 and an opposing bottom end 134 that
1s affixed to the mounting plate 78 and/or the debris shroud
82. Each expansion boot top end 130 1s affixed to the bottom
of the respective dislodging ram head 106 such that a seal 1s
formed between the expansion boot top end 130 and the
bottom of the respective dislodging ram head 106 that pre-
vents debris, e.g., moisture, dirt, soil or other planting media
from the germination ellepot trays 42A, from fouling the
actuators 94 or otherwise impairing the operation of the ejec-
tion devices 74. Similarly, each expansion boot bottom end
134 1s affixed to the mounting plate 78 and/or the debris
shroud 82 such that a seal 1s formed between each expansion
boot bottom end 134 and the mounting plate 78 and/or the
debris shroud 82 that prevents debris, e.g., moisture, dirt, soil
or other planting media, from the germination ellepot trays
42 A, from fouling the actuators 94 or otherwise impairing the
operation of the ejection devices 74.

As described further below, the ejection assembly 18 1s
structured and operable, as controlled by the control system,
to automatically sequentially actuate particular ones of the
gjection devices 74, in accordance with the location of
selected populated ellepots 62 within the respective germina-
tion ellepot tray 42A residing in the ejection dock 14, to
sequentially dislodge each of the selected populated ellepots
62 from the respective germination ellepot tray 42A.

Referring now to FIGS. 1 and 4, each germination ellepot
tray 42A includes an mnformation device 138 aifixed thereto.
Each information device 138 provides information and/or
data regarding or pertaining to the respective germination
cllepot tray 42A. For example, 1n various embodiments, each
information device 138 can provide information and/or data
identifving the respective germination ellepot tray 42A.
Additionally, 1n various embodiments, each information
device 138 can further provide information and/or data 1den-
tifying each ellepot 62 disposed within the respective germi-
nation ellepot tray 42A, particularly the plant germinating
within each respective ellepot 62, and the location of each
particular plant/ellepot 62 disposed within the respective ger-
mination ellepot tray 42A, 1.e., the location of the receptacle
66 within the array or receptacles 66 in which each respective
cllepot 62 1s disposed.

The tray mformation reading device 22 1s communica-
tively connected, wired or wirelessly, to the control system 26
and 1s structured and operable to electronically read, or scan,
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the germination ellepot tray information device 138 of the
respective germination ellepot tray 42 A that has been placed
in, or 1s about to be placed 1n, the ejection dock 14 to acquire,
and communicate to the control system 26, the information
and/or data provided by the respective germination ellepot
tray information device 138. More particularly, as described
turther below, upon placing each respective germination elle-
pot tray 42 A 1nto the ejection dock 14, the respective infor-
mation device 138 1s read using the tray information reading,
device 22. The tray information reading device 22 then com-
municates the read information/data to the control system 26,
whereupon the read information/data 1s utilized as data inputs
to one or more remapping system control algorithms, or pro-
grams, executed by the control system 26 to control the opera-
tion of the ejection assembly 18 to dislodge selected ellepots
62 from their respective receptacles 66.

For example, i various embodiments, based on informa-
tion 1dentifying the respective germination ellepot tray 42A,
as read from the respective information device 138, the con-
trol system 26 executes the remapping system control algo-
rithm(s) to access data stored in the control system 26, or
alternatively provided by the respective mnformation device
138, 1n order to identify particular ellepots 62 within the
identified germination ellepot tray 42 A that contain particular
plants having one or more desired genetic attributes or char-
acteristics, 1.e., selected plants/ellepots 62. The control sys-
tem 26 then actuates particular ejection devices 74 of the
¢jection assembly 18 that correspond to the selected ellepots
62 to dislodge the selected ellepots 62 from their respective
receptacles 66, wherealfter each dislodged ellepot 62 1s
removed and transierred to the planting ellepot tray 42B.

Each germination ellepot tray information device 138 can
be any machine-readable information device, label or tag
suitable for containing, storing or providing information and/
or data, readable or retrievable by the tray information read-
ing device 22 regarding or pertaining to the respective germi-
nation ellepot tray 42A and/or each ellepot 62 disposed
within the respective germination ellepot tray 42A, particu-
larly the plant germinating within each respective ellepot 62,
and/or the location of each particular plant/ellepot 62 dis-
posed within the respective germination ellepot tray 42A, 1.¢.,
the location of the receptacle 66 within the array or recep-
tacles 66 1n which each respective ellepot 62 1s disposed. For
example, 1 various implementations, each information
device 138 can comprise a two-dimensional matrix code or
other machine-readable label, tag or device, such as a radio
frequency 1dentification (RFID) tag or a barcode label, from
which the information/data can be retrieved and interpreted
via wireless communication such as optical signals, e.g.,
inirared signals, or magnetic fields.

Similarly, the tray information reading device 22 can be
any device suitable for reading the germination ellepot tray
information devices 138, 1.e., retrieving the mnformation/data
contained 1n or provided by each respective information
device 138, and communicating the retrieved information/
data to the control system 26. For example, 1n various imple-
mentations, the tray information reading device 22 can com-
prise a device structured and operable to read a two-
dimensional matrix code or other machine-readable label, tag
or device, such as an RFID tag reader or a barcode label
reader, operable to read the information/data stored in or
provided by the respective germination ellepot tray informa-
tion device 138 via wireless communication such as optical
signals, e.g., infrared signals, or magnetic fields.

Referring now to FIG. 1, as described above, 1n various
embodiments, the ellepot remapping system 10 can include
an ellepot 1dentification tag dispenser 34. The ellepot identi-
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fication tag dispenser 34 1s communicatively connected to the
control system 26 and 1s structured and operable, as con-
trolled by the control system 26, to provide an ellepot 1den-
tification tag 142 for each selected ellepot 62 as each selected
cllepot 62 1s dislodged from the respective germination elle-
pot tray 42A. More particularly, concurrently with each
selected ellepot 62 being dislodged from the respective ger-
mination ellepot tray 42A, 1.e., just prior to, substantially
simultaneously with, or just subsequent to each selected elle-
pot 62 being dislodged, the ellepot i1dentification tag dis-
penser 34, as controlled by the controls system 26, prints,
codes or programs and dispenses an ellepot identification tag
142. Each ellepot 1dentification tag 142 1s printed, coded or
programmed to provide mformation identifying the concur-
rently dislodged ellepot 62, or more particularly, identifying
the particular plant germinating within concurrently dis-
lodged ellepot 62. For example, each ellepotidentification tag
142 can provide mformation and/or data regarding one or
more genetic characteristics or traits of the respective germi-
nating plant, as provided by predetermined ellepot selection
information and/or data stored in the control system 26.

Hence, once a selected germination ellepot tray 42A 1s
placed 1n the ejection dock 14 and the respective germination
cllepot tray information device 138 1s read/scanned, via the
tray information reading device 22, the control system 26
utilizes the germination ellepot tray information to dislodge
selected ellepots 62, via operation of the ejection assembly
18, as described above. Concurrent with activating each par-
ticular ejection device 74 to dislodge each respective selected
cllepot 62, the control system communicates mnformation
identifying the respective germinating plant/ellepot 62 and
instructs the ellepot identification tag dispenser 34 to print,
code or program and dispense an ellepot identification tag
142 that provides the respective germinating plant/ellepot
identification information. Each dispensed ellepot 1dentifica-
tion tag 142 can then be 1nserted 1nto the respective ellepot 62
or placed 1n a planting ellepot tray receptacle 66 along with
the respective dislodged and removed ellepot 62, and there-
after placed in the ground adjacent where each respective
cllepot 62 1s planted 1n a test field for further screening and
analysis.

Each ellepot identification tag 142 can be any machine-
readable 1dentification device, label or tag suitable for con-
taining, storing or providing information and/or data, read-
able or retrievable by ellepot identification tag reading device
(not shown), e.g., a device similar the tray information read-
ing device 22, regarding or pertaining to the respective plant/
cllepot 62, particularly information and/or data regarding one
or more genetic characteristics or traits of the respective plant.
For example, 1n various implementations, each ellepot 1den-
tification tag 142 can comprise a two-dimensional matrix
code or other machine-readable label, tag or device, such as a
radio frequency i1dentification (RFID) tag or a barcode label,
from which the information/data can be retrieved and inter-
preted via wireless communication such as optical signals,
¢.g., infrared signals, or magnetic fields.

Referring now to FIG. 6, in various embodiments, the
control system 26 1s a computer based system that generally
includes at least one processor 146 suitable to execute all
functions of control system 26 to automatically, or roboti-
cally, control the operation of the ellepot remapping system
10, as described herein. The control system 26 additionally
includes at least one electronic storage device 150 that com-
prises a computer readable medium, such as a hard drive or
any other electronic data storage device for storing such
things as remapping system control algorithms, software
packages or programs, and digital information, data, look-up
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tables, spreadsheets and databases. Furthermore, the control
system 26 includes a display 154 for displaying such things as
information, data and/or graphical representations, and at
least one user interface device 158, such as a keyboard,
mouse, stylus, command button, and/or an interactive touch-
screen on the display 154. For example, 1n various embodi-
ments, the control system 26 can include a user interface
device 158 comprising the tray information reading device 22
that 1s communicatively connected to the processor, via either
a wired or wireless connection.

Additionally, 1n various embodiments, the control system
26 can include another user interface device 158 comprising
an operation actuation control 162 (exemplarily shown 1n
FIGS. 1 and 5) that 1s communicatively connected to the
processor 146, via either a wired or wireless connection, to
provide command/selection mputs to the remapping system
control algorithm(s) being executed during operation of the
cllepot remapping system 10, as described below. For
example, the operation actuation control 162 can be operable
to selectively command operation of the ejection assembly 18
to sequentially dislodge the selected ellepots 62, as described
below.

In various embodiments the control system 26 can further
include a removable media reader/writer 166 for reading
information and data from and/or writing information and
data to removable electronic storage media such as floppy
disks, compact disks, DVD disks, zip disks, flash drives or
any other computer readable removable and portable elec-
tronic storage media. In various embodiments the removable
media reader 166 can be an 1/O port of the control system 26
utilized to read external or peripheral memory devices such as
flash drives or external hard drives.

In various embodiments, the control system 26, 1.e., the
processor 146 can be communicatively connectable to a
remote server network 170, e.g., alocal area network (LAN),
via a wired or wireless link. Accordingly, the control system
26 can communicate with the remote server network 170 to
upload and/or download data, information, algorithms, soft-
ware programs, and/or recerve operational commands. Addi-
tionally, 1n various embodiments, the control system 26 can
be structured and operable to access the Internet to upload
and/or download data, information, algorithms, software pro-
grams, etc., to and from Internet sites and network servers.

Furthermore, in various embodiments, the control system
26 can include one or more remapping system control algo-
rithms, or programs 174, stored on the electronic storage
device 150 and executed by processor 146. The one or more
remapping system control algorithms utilize predetermined
cllepot selection data indicating the selected ellepots 62 to be
removed from particularly identified germination ellepot
trays 42A (the respective identified germination ellepot trays
42 A containing the selected ellepots 62) and the receptacles
66 within the respective germination ellepot trays 42A 1n
which each selected ellepot 62 1s disposed.

As described above, the ellepot remapping system 10 1s
structured and operable to dislodge selected ellepots 62, 1.¢.,
cllepots 62 populated with selected germinating plants, from
cach of a plurality of the germination ellepot trays 42 A uti-
lizing selection data stored in the control system 26 that has
been compiled based on one or more genetic traits of each
selected germinating plant. The selection data can be com-
piled using any method and/or means suitable for obtaiming,
genetic data for a plurality of seeds, linking the genetic data
tor each seed to the respective seed and tracking each seed as
cach seed 1s planted 1n a respective ellepot 62 and allowed to
germinate. Then based on analysis of the genetic data, par-
ticular germinating seeds/plants can be selected for further
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breeding, screening and analysis. In which case, the ellepots
62 contaiming the selected germinating plants can be located,
removed from the respective germination ellepot trays 42A
and transierred to planting ellepot trays 42B utilizing the
cllepot remapping system 10, as described herein.

For example, in various exemplary embodiments, the
selection data can be compiled by removing or extracting
samples, 1.¢., tissue samples, of a plurality of seeds selected
for testing. The samples are removed/extracted 1n such a
manner as to leave each respective sampled seed viable for
planting. Each extracted sample 1s placed mto a sample col-
lection device, e.g., a twenty-four well sample collection tray.
Similarly, each sampled seed is placed into a seed collection
device, e.g., a twenty-four well seed collection tray. More-
over, data 1s created linking each sampled seed to the respec-
tive extracted sample such that the sample-to-seed correlation
of each sampled seed and respective sample can be tracked
and maintained as each sample 1s analyzed and each sampled
seed 1s planted 1n an ellepot 62, as described below.

For example, 1n such exemplary embodiments, as each
seed 1s sampled, the particular sample collection device 1n
which the respective sample 1s collected, and the particular
location of the respective sample within the particular sample
collection device, e.g., the well location of respective sample
within the particular sample collection device, 1s recorded
and stored in a sample-to-seed database. Concurrently, as
cach seed 1s sampled, the particular seed collection device 1n
which the respective sampled seed 1s collected, and the par-
ticular location of the respective sampled seed within the
particular seed collection device, e.g., the well location of the
respective sampled seed within the particular seed collection
device, 1s recorded and stored 1n the sample-to-seed database.
The sample-to-seed database can be external to the remap-
ping control system 26, or the sample-to-seed database can
reside on/in the electronic storage device 150 of the control
system 26.

Once the seeds have been sampled and the sampled seeds
have been collected in the sample collection devices, the
sample seeds are taken to a controlled growing environment,
¢.g., a greenhouse, where each sampled seed 1s individually
removed from the respective sample collection device and
planted 1n a respective one of the ellepots 62 within one of the
germination ellepot trays 42A. Additionally, data 1s created
linking each planted seed, 1.e., each ellepot 62 populated with
a seed, to the corresponding extracted sample. For example,
in various embodiments, data from the sample-to-seed data-
base can be utilized to link the location within the particular
germination ellepot tray 42A of the receptacle 66 retaining
cach respective seed/ellepot 62 with the sample extracted
from each respective seed. Consequently, a sample-to-popu-
lated ellepot database can be created. The sample-to-popu-
lated ellepot database can be external to the remapping con-
trol system 26, or the sample-to-populated ellepot database
may reside on/in the electronic storage device 150 of the
control system 26.

The data for the sample-to-populated ellepot database, 1.¢.,
data linking each seed/ellepot 62 to the corresponding
extracted sample, can be obtained using any suitable process.
For example, 1n such exemplary embodiments, a tray infor-
mation device reader, such as the tray information reading
device 22, can be employed to read, or scan, the germination
cllepot tray information device 138 of each germination elle-
pot tray 42A prior to planting each seed in an ellepot 62
disposed within the respective germination ellepot tray 42A.
Then, the location of the seed/ellepot 62, 1.¢., the location of
the respective receptacle 66, within the particular germina-
tion ellepot tray 42A can be recorded. Thereafter, data from
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the sample-to-seed database can be utilized to generate data
linking each extracted sample to the location of the respective
seed/ellepot 62 within a particular germination ellepot tray
42A, thereby generating the sample-to-populated ellepot
database.

The germination ellepot trays 42A are then placed 1n a
controlled growing environment, €.g., a greenhouse, where
the seeds are allowed to germinate. As the planted seeds are
germinating in the ellepots 62, the removed or extracted
samples can be genetically analyzed, e.g., undergo DNA
analysis, to identily which of the samples have one or more
desired genetic traits. Then, using the sample-to-populated
cllepot database, the particular germinating seeds (or now
germinating plants) corresponding to the samples identified
to have one or more desired genetic traits can be 1dentified.
That 1s, the particular germinating plants having one or more
desired genetic traits can be 1dentified. More particularly, the
particular germination ellepot trays 42A and the location
within those germination ellepot trays 42 A of each 1dentified
germinating plant can be identified. The germinating plants
identified to have one or more desired genetic traits are
referred to herein as the selected plants and/or the selected
cllepot 62.

Subsequently, a selected plant table, database or list 1s
compiled and provided to the remapping control system 26.
That 1s, the selected plant table can be downloaded and stored
in/on the electronic storage device 150 of the control system
26, via connection with the remote server network 170, the
Internet, and/or a removable electronic storage device having
the selected plant table stored therein/therecon. Or, the
selected plant table can be accessed by the control system 26
via connection to a removable electronic storage device, the
remote server network 170, and/or the Internet having the
selected plant table stored therein/thereon. The selected plant
table includes a listing of all the selected plants, the corre-
sponding germination ellepot trays 42A 1n which each
selected plant resides (i.e., a corresponding tray 1D number),
and the location within the respective germination ellepot
trays 42 A of each selected plant.

Once the selected plant table has been stored in/on the
clectronic storage device 150 or accessed by the control sys-
tem 26 some or all of the germination ellepot trays 42 A 1n the
controlled growing environment are individually placed 1n
the ellepot ejection dock 14. Concurrent to, 1.€., just prior to,
just subsequent to or substantially simultaneously with, plac-
ing a particular germination ellepot tray 42 A 1nto the ¢jection
dock 14, the tray information reading device 22 is used to
read/scan the respective germination ellepot tray information
device 138. As described above, the tray information reading
device 22 communicates the tray mnformation and/or data to
the control system 26 where execution of the remapping
system control algorithm(s) compares, contrasts, or corre-
lates the tray mformation and/or data with the information
stored 1n the selected plant table. For example, via execution
of the remapping system control algorithm(s), the selected
plant table can be searched for the tray ID number provided
by the scanned germination ellepot tray information device
138.

If the respective tray ID number 1s not located within the
selected plant table, the control system 26, via execution of
the remapping system control algorithm(s), can display a
message on the display 154, or give any other suitable noti-
fication, indicating that the germination ellepot tray 42A cur-
rently residing 1n the ejection dock 14 does not contain any
selected plants/ellepots 62. In which case, the particular ger-
mination ellepot tray 42A 1s removed from the ejection dock
14 and a subsequent germination tray 1s placed in the ejection
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dock 14, the respective germination ellepot tray information
device 138 i1s read/scanned and the selected plant table 1s
searched for the respective tray ID number.

If a particular tray ID number 1s located 1n selected plant
table, the control system 26, via execution of the remapping
system control algorithm(s), can display a message on the
display 154, or give any other suitable notification, indicating
that the germination ellepot tray 42 A currently residing 1n the
ejection dock 14 contains one or more selected plants/ellepots
62. In which case, an operator can utilize the operation actua-
tion control 162, or any other suitable user mput device, to
input an actuation signal to the control system 26. The actua-
tion signal 1nstructs the remapping system control algorithm
(s) to interpret the data stored 1n the selected plant table that
corresponds to the located tray 1D number to determine the
location within the respective germination ellepot tray 42 A of
a particular selected plant/ellepot 62. Then, via execution of
the remapping system control algorithm(s), the control sys-
tem 26 actuates a particular ejection device 74 to dislodge the
respective selected plant/ellepot 62, as described above.

The dislodged selected plant/ellepot 62 1s then removed
from the respective germination ellepot tray 42A and trans-
ferred to a planting ellepot tray 42B. Concurrent to transier-
ring the selected plant/ellepot 62 to the planting ellepot tray
428 the control system 26 instructs the ellepot 1dentification
tag dispenser 34, via execution of the remapping system
control algorithm(s), to provide an ellepot 1dentification tag
142 identifying the selected plant/ellepot 62. As described
above, the ellepot identification tag 142 1s then inserted nto
the respective ellepot 62 or placed 1n a planting ellepot tray
receptacle 66 along with the respective dislodged and
removed ellepot 62.

Once a selected plant/ellepot 62 has been transierred to the
planting ellepot tray 42B, the operator can utilize the opera-
tion actuation control 162, or other suitable user input device,
to input another actuation signal to the control system 26. The
actuation signal instructs the remapping system control algo-
rithm(s) to interpret the data stored in the selected plant table
to determine whether the respective germination ellepot tray
42 A contains any other selected plants/ellepots 62, 1.¢., sub-
sequent selected plants/ellepots 62. It so, the control system
26 actuates, via execution of the remapping system control
algorithm(s), another particular ejection device 74 to dislodge
a respective subsequent selected plant/ellepot 62. Thereatter,
a respective subsequent ellepot 1dentification tag 142 1s dis-
pensed from the ellepot identification tag dispenser 34 and the
subsequently selected plant/ellepot 62 1s transferred to the
planting ellepot tray 42B along with the respective subse-
quent ellepot identification tag 142.

The process 1s repeated until all the selected plants/ellepots
62 of the particular germination ellepot tray 42A have been
dislodged and transierred to a planting ellepot tray 42B.
Once, there are no more selected plants/ellepots 62 within a
particular germination ellepot tray 42 A the control system 26,
via execution of the remapping system control algorithm(s),
can display a message on the display 154, or give any other
suitable notification, indicating that all the selected plants/
cllepots 62 within the particular germination ellepot tray 42A
currently residing in the ejection dock 14 have been dislodged
for removal and transier to the planting ellepot tray 42B. The
particular germination ellepot tray 42A 1s then removed,
another subsequent germination ellepot tray 42 A 1s placed 1n
the ejection dock 14, and the process 1s repeated until all of the
selected plants/ellepots 62 listed in the selected plant table
have been removed from the plurality of germination ellepot
trays 42A and transierred to planting ellepot trays 42B, as
described above.
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The description herein 1s merely exemplary 1n nature and,
thus, vanations that do not depart from the gist of that which
1s described are intended to be within the scope of the teach-
ings. Such variations are not to be regarded as a departure
from the spirit and scope of the teachings.

What 1s claimed 1s:

1. A method for removing selected ellepots from a plurality
of germination ellepot trays and remapping the selected elle-
pots to a planting ellepot tray, said method comprising:

placing one of a plurality of germination ellepot trays onto

an ellepot ejection dock of an automated ellepot remap-
ping system, each germination ellepot tray comprising,
an array ol ellepot receptacles, each ellepot receptacle
comprising an aperture in the bottom thereof and having
an ellepot disposed therein, each ellepot populated with
a plant germinating therein;

acquiring tray information identifying the respective ger-

mination ellepot tray;

automatically, via operation of an ejection assembly of the

cllepot remapping system, dislodging upward and

retaining one or more selected populated ellepots within

the respective germination ellepot receptacle utilizing

the acquired germination ellepot tray information,

wherein automatically dislodging comprises:

actuating one or more of a plurality of ejection devices of
the ejection assembly such that a dislodging ram head
ol each respective ejection device 1s extended upward
through the respective ellepot receptacle aperture,
whereby the respective populated ellepot 1s pushed
upward and dislodged and retained within the respec-
tive ellepot receptacle; and

removing each dislodged populated ellepot from the

respective populated ellepot receptacle and transierring

cach populated ellepot from the respective germination
cllepot tray to one of a plurality of receptacles of a
planting ellepot tray.

2. The method of claim 1, wherein acquiring the tray infor-
mation comprises reading a germination ellepot tray infor-
mation device disposed on the germination ellepot tray, the
tray information device providing the tray information iden-
tifying the respective germination ellepot tray.

3. The method of claim 2, wherein automatically dislodg-
ing one or more selected populated ellepots from the respec-
tive germination ellepot tray utilizing the acquired germina-
tion ellepot tray information comprises cross referencing the
read tray information with predetermined selection data to
identify the location within the array of the respective germi-
nation ellepot tray of the one or more populated ellepots
selected to be removed from the respective germination elle-
pot tray.

4. The method of claim 3, wherein reading the germination
cllepot tray information device comprises electromically
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reading the germination ellepot tray information device and
communicating the read tray information to a computer-

based ellepot remapping control system.

5. The method of claim 4, wherein cross referencing the
read tray information with the predetermined selection data
COmprises:

accessing the selection data, the selection data including:

information identifying which plants within each germi-
nation ellepot tray are selected to be transierred to the

planting ellepot tray; and

information i1dentifying the location of each selected
plant within the array of each respective germination
cllepot tray; and

cross referencing, via the ellepot remapping control sys-
tem, the read tray information with the selection data to
identily selected populated ellepots disposed within the
respective germination ellepot tray that are to be trans-
ferred to the planting ellepot tray, and to identify the
location of each selected populated ellepot within the
array of the respective germination ellepot tray.

6. The method of claim S, wherein automatically dislodg-
ing further comprises actuating an actuator of each respective
ejection device 1n accordance with the identified location of
the selected populated ellepots, thereby extending a respec-
tive dislodging ram head upward through the respective elle-
pot receptacle aperture such that the respective populated
cllepot 1s pushed upward and dislodged and retained with the
respective ellepot receptacle.

7. The method of claim 1 further comprising associating an
cllepot identification tag with each selected populated ellepot
as the respective selected populated ellepot 1s transterred to
the planting ellepot tray, each ellepot 1dentification tag pro-
viding information identitfying the plant germinating within
the respective ellepot.

8. The method of claim 7, wherein associating an ellepot
identification tag with each selected populated ellepot as the
respective selected populated ellepot 1s transferred to the
planting ellepot tray comprises:

automatically printing each ellepot 1dentification tag as the
respective selected populated ellepot 1s being dislodged
from the respective germination ellepot tray; and

combining each printed ellepot 1dentification tag with the
corresponding selected populated ellepot within the
respective receptacle of the planting ellepot tray in
which the respective selected populated ellepot 1s
placed.
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